Three interlaboratory round-robin studies (RR1, RR2, and RR3) were conducted to identifya serum-based reference material that would aid in the standardization of direct ion-selective electrode (ISE) measurements of sodium and potassium. Ultrafiltered frozen serum reference materials requiring no reconstitution reduced between-laboratory variability (the largest 
sample. These direct ISE measurements are simple to perform and highly reproducible because the analyzers are microprocessor-controlled; in addition, these measurements are often made very rapidly, with some analyzers displaying results as soon as 10-60 s after the sample is inserted.
Despite this remarkable increase in the use and now the dominance of direct ISE 
Results

RR1.
Eyamination of the RR1 data showed that some of the reported laboratory numbers did not provide sufficient significant figures. This could not be changed because it was due to the reporting mode of some of the instruments rather than to rounding off by analysts. Because the replication error was small, we worked with the average of the triplicate measurements from each instrument within each laboratory; these results were reported elsewhere (15). Using an ANOVA software package to calculate the sources of variance (19), we found that the within-laboratory imprecision was small relative to a 1.5% between-laboratory imprecision.18 There was a consistency among the laboratories for both the sodium and potassium measurements; e.g., the data from laboratory 6 for sodium and potassium in both samples were higher than the respective grand averages. again showed that the largest source of imprecision was due to between-laboratory variability. The human pooled serum was clearly the most promising of the materials studied; aqueous and bovine candidate reference materials were associated with much larger standard deviations.
RR2.
RR3. The average of the triplicate measurements made with each instrument for sodium and potassium in RR3 again showed that the laboratories were remarkably consistent. However, all data from laboratory 6 were consistently high for sodium and potassium and contained outliers common to both analytes for each of three samples. The problem was thought by the analyst to be air bubbles in the aspirated samples, so a complete new set of samples was sent to laboratory 6. The data for the new set of measurements were consistent within themselves and were generally similar to the previous measurements but were again quite high relative to the results for all the other laboratories. Laboratory 6 personnel then found that the mmo1Jkg reporting option had been used: a simple correction in their analyzer's internal factor was made (a Table 1 : the greatest source of variability is the between-laboratories variability (Si), -1% for both sodium and potassium. When compared across each of the different materials, the magnitude of the three separate components of standard deviation is about the same. In other words, with regard to the components of precision, all of the materials behaved similarly.
An examination of the individual laboratory and instrument deviations from the averages showed a great consistency among the deviations. This suggested that a recalculation of the data based on a two-point normalization (low and high concentration) for each instrument might reduce the between-laboratories and between-instruments variability. The two-point normalization equations were calculated by using the average values for material J and F for each instrument, along with the associated NIST FAES value, for both Na and K. Each instrument had a unique recalculation equation. Recalculations were made for all materials except J and F, which had been used to construct the two-pain normalization equation. The results from the three-level, hierarchial ANOV after normalization recalculations are given in Table 2 . Overall averageconcentration of materialIn RR3. Other parameters described in text. Table 1 ) were used for FAES normalization and so are not Included again. re now very much smaller for the between-laboratory S) standard deviation. These results are highly desirble, because the improvement was greatest in the cornonent with the most influence. For Na, there was also #{149} noticeable improvement in the between-instrument (S1) omponent of standard deviation. These smaller S and S, omponents were also reflected in smaller standard devitions for the material averages (Si). As expected, the omponent for replicate measurements (5,.) was little hanged by the recalculation process.
MaterialsJ and F (shownIn
liscusslon
The goal of these ISEWG activities in RR1-RR3 was identify a human serum reference material that would help unify the sodium and potassium results produced by direct ISE analyzers to the FAES Reference Method results of the NRSCLJNCCLS. Within this network of eight laboratories, each of which used a different direct ISE analyzer to measure sodium and potassium in undiluted samples of candidate serum reference materials, the ANOVA data for both RR2 and RR3 demonstrated unambiguously that the between-laboratory component (S1) was the largest source of variability (Table 1 applies to the special ultrafiltered materials G, A, and II in RR3 ( Table 2) .
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